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ABSTRACT 

This ei^ericent studies the relationships Tjet’reen reader 
efficiency in processing sentences and differences in the deep 
structure of the sticulus sentences. The efficiency of processing, 
as neasured by Ss' 3ye-Voice Span,, was fovind to vary '.rtth changes 
in the deep structure. CoEparisoas were saade between reader 
processing of pairs of sentences in which the surface structure 
was the saae. but in which the deep structure was different. The 
Voice Spaa ceesurc was found to validly tiscriuilnate between 
sentences with the sane surface structure bat with differing 
deep structure. The results were interpreted to very tentatively 
suggest that the efficiency of reading processing is (l) a function 
of the icongruence' or 'constraints' between the surface structure 
and the deep structure of the sentence, and also (2) a function of 
the nuober of structural 'categories' required in the deep structure. 



1/ This research is supported by funds frou the U.S. Office of Edueatien. 
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This e^erident studies the relationships’ be tixeen efliciency 



in reading and differences in the deep structure of the stinralus 



sentences* Thusj the e^eriment seehs to deterniine if differences 
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ai> tne ueep sxrrucuure leveA w* savu.vvuiMva »i*w*» 
structure Trill effect the reader's processing behaviors — that is, 



(l) "Is sensitivity to deep structure reflected in reading processing?” 
Further, the experiment seeks to determine what effect the contrasting 
deep structures assigned to sentences which are superficially similar, 
TTill have on reading efficien(sy — that is, (2) "Given a sentence. 



with a specified deep structure, what c€in be predicted about the 
relative efficiency with which it can be processed?" 

The distinction made here between 'deep structure* (DS) and 
‘surface structure* (SS) is that expressed by transformational grammar. 
Transformationalists maintain that (l) the language user is intuitively 
aware of differences between BS and SSj and further, that (2) sentences 
can only be understood through a reconstruction of the sentence's, 
'structural description', including its PS.2/ This study tests the 
suitability of the theoretical distinction between BS and So in 
explaining the efficiency of information input and processing in 



reading. 

Becently, there have been contradictory research findings about 
the language user's sensitivity to BS. liehler (".'hot We Look at vaien 
ue Bead"} 1966) found in observing Ss' eye-fisotions for onbiguous 
sentences! "The structure which differed only at the deep phrase 



^l See, for e^le Jerrold J. ICata's The Philosophy of «> 

^ and’NooD Chomsky's Current Is sues in Linguistic Ttoorz il96^ an 

"Tonics in the Theory of Generative Grammar vtSGo;® ,, , , » 

See for ™ie, George k. I-liller and Chomsky's "Pinitary Ibdels of 
I, engage Users" (1963)} and Chomsky's Jljpects of the Theory of 
Smtax * (1965) • 
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structure did not shoir such differences (in eye— fixation patterns 
as did the surface structure differences.)" Hov/ever, Blunenthal 
("ProEqpted Recall of Sentences"} 1066) and Blucenthal end Boakes 
("Supplecentary Reports Pron{>ted Recall of Sentences"} 1967) 
indicate that "Recall differences correspond to the nature of the 

underlying grannuatical relations.” 

In this study, the language-user* s processing of linguistic 
loaterial was c^asured hy the E 37 e-Voice Span (SVS). In oral reading, 
the EVS is the distance, usually measured in trords, that the «eye* is 
ahead of the voice. The SVS 'iras selected as the index for processing 
since recent Trork indicates that it is sensitive to granraatical 
constraints within the sentence. Schlesinger ("Sentence Structure 
and the Heading Process"} 1966) states that the EVS "represents a 

unit of decoding.” Further, Levin and Turner ("Sentence Structure 
and the Eye-Voice Span”} 1966) have found that subjects tend to read 
in rphrase units. Thus, they have shorm the EVS to be sensitive to 

phrase structure. Also, Levin and Eaplan ("The Eye-Voice Span for 
Active and Passive Sentences"} 1966) found the EVS to vary in 
accordance with intrasentence constraints — They found that the EVS 
was related to sentence voice (passive versus active). 

I,33TH0D 

Subjects Thirty Cornell University freshnen and sophoDores, 15 males 
end 15 females, served as subjects. 
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Experimental Sentences Two kinds of passive sentence constructions 
were selected for this study. (See the Appendix for a list of the 
test sentences.) In the first type, the ’agent* or ’actor* was 
included, while in the second, the agent was deleted. The sentences 
were paired so that the surface structiire and lexical items were 
Identical for “both types of sentences, except that in one case the 
agent appeared, hut in the other, the agent was deleted and replaced 
hy a non-agent ive form. For example: 

(a) His brother was beaten up hy the gang. 

(B) His brother was beaten up hy the park. 

Both sentences A and B have the same surface structure: 



His brother 



was 



beaten up 



] 



by 



the 



gang 

park 



The actual test sentences are longer than these ^ having approxirsatoly 
I& words ^ with about G words after the light*>out position^ to take 
into account ^s whose SV3 night tend to be relatively large* 

Both A and B contain the sane lexical items except for one 
item, HoT/ever, the substitution of ’’park” for ’’gang” in this case 
reflects a change in the DS of the sentence. In ’’gang” is the 
agent. In both A and B, ”his brother” is the object of the verb 
"heat up”y and someone or something else performed the action, ThuSy 
A can be paraphrased as ’’The gang beat up his brother,” Sentence 
on the other hand;^ cannot be paraphrased as ’’The park beat up his 
brother,’’ since ’’park” is not the agent, but serves to indicate where 
the beating took place, Jji appropriate paraphrase would be: ”His 
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brother was beateri^np: aaar the park.” In order for one to understand 



these t¥o sentences, one naat know that "his brother" is the under- 
lying object and that something else is the agent or actor. In the 



know that "the park" is not the agent, and that the action of beating 
(jas i>erforoed by sons agent not specified in that sentence. 

It iTas hypothesized that sentences of type A would be easier 
to process than sentences of type B since the LS in A was «sicpler* 
than in B. The D3 for both k and 3 contain sone of the same eleiaents 



the AG3NT NOUN PS3i*SE — is '^realized* in the surface structure as 
»the gong". Secondly, sentence type B requires an additional 
» category slot* in the DS which is not required by type A. The 
description for the DS level for sentence type 3 would be like the 





SENTiaiGS 



NOUN PH 
(AG3NT 




NOUI'I PKRAS3 

(object) 



PASSIVE 



VERB 



his brother 



The DS in A is simpler for two reasons. First, the NOW PHRASE 



following: 



SENTENCE 



NOXJll 

(AGENT) 
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The ADVSRB category slot must be realized in the DS because of the. 
SS phrase ”by the park". . Type B is laore difficult to process 



^ ^ M A « CM A ^ <S ^ >’4' MW 4 e^n w fi 
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(the agent) oven though it is not realized at the surface level, it 
requires a slot for the adverbial phrase T;hich ms substituted* 

Since both kinds of sentences have the sane surface structure, 
differences in the my in T/hich they are processed can be attributed 
to differences in the deep structure. Further, since both kinds 
of sentences vere of the passive type, requiring the * surface subject* 
to be understood as the * underlying object* of some action performed 
by the (specified or unspecified) underlying subject, it ms 
hypothesized that the differences in processing vrould reflect the 
additional structu'^e required at tlie underlying level in type B 
sentences • 

Procedure To test the hypothesis that the efficiency of reading. 

processing is related to the deep structure of the sentence, the 
SVS ms used as a measure of language processing in reading* There 

vere eight pairs of test sentences* In each pair, both sentences 
had the same structural description and the same lexical items, 
except for one item* Both sentences of each pair T/ere imbedded 
in an identical context of five other sentences. The sentences in 
these • paragraphs* irere unconnected so that ^*s reading of the 
test sentences would not be affected by intersentential cues* 

The test sentences were imbedded within * paragraphs* so that 
even though S knew the light would be turned out while he was 
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x-eading the sentences in each * paragraph* f he did not hnov idiich 
sentence in the ^paragraph* v^ould he treated as the 'critical 
sentence** Also^ even though every sentence position vraa treated 
as the critical position^ none of the teat sentences occurred in the 
first position (sentence position l)| so that S ^ras able to read 
at least one sentence through coispletely before reaching a test 
sentence* In additioni no test sentence occurred in the last 
position (sentence position 6), so that the eoqperimental results 
nould not be affected by^'s ability to predict that the light vould 
be extinguished during his reading of the final sentence in the 
* paragraph* • 

In order to niniinize neiaory interference and response set, 
the sentences were divided into two groups, with each group contain—- 

X 

ing the other members of each of the eight pairs t 



Set #1 

(given at Time l) 

A 1 

B 2 
A 3 
B 4 
A 5 
B 6 
A 7 
B 8 



Set #2 

(given at Time 2) 

B 1 
A 2 
B 3 
A 4 
B 5 
A 6 
B 7 
A 8 



Each subject read all sixteen test sentences, eight at each of two 
sessions, spaced one week apart* In the first session, ^ read one 
member of each pe.ir and in the second session, the other member* 
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In both sessions I Ss xrere preseated frith the eight paragraphs 
containing the critical sentences along frith sixty-eight other 
paragraphs used as fillers betfreen the test iteias. In both sessions 
identical filler paragraphs were used, and the order of presemi»T>aoii 
of all 76 (8 test and 6G filler) paragraphs was the same. 

The paragraphs were typed single spaced on 9” x 5" cards 
«o that Ss could read then as they would a regular 9” wide typed 
page. The cards were viewed one at a time by S^, The viewing 
apparatus consisted of a wooden box approximately 24" x 18" x 12" 
with a one-way mirror through which ^ read the paragraphs • The 
cards were visible to 3 only when the light within the apparatus 
was on. The light was controlled by the experimenter who would 
e^inguish the light and thus obscure the stimulus sentence when 
S reached the predeternined position for each paragraph, \ 

S was instructed to begin reading each paragraph ioaediately 
when the light wnt on. He f/as told to read aloud at his normal 
rate, the rate at which he would read a story aloud to someone.. 

He T/as told that within each paragraph, the light would be turned 
out so that he would no longer be able to see the text, and that 
he was to report all the words that he had seen but had not yet 
had a chance to read aloud. The light was turned out approximately 
an equal number of times in each of the six sentence positions, 
and within the sentences, the light f;as turned out at the beginning 
middle, and end. The light-out position was varied to minimize 
Ss» response set. Of the eight pairs of critical sentences, two 
each appeared in sentence positions #2, #3, #4, and #5. 
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In four of the pairs of test sentences, the light vas 
turned out inmediately before the critical irord reflecting a 
change in the underlying structure, and in the other four pairs, 
the light iras turned out three vords prior to the critical ■^rord# 

. i/ 

Tito light— out positions irere used because previous work by Levin 
has sho^ra that there is a significant interaction between light- 

out position, sentence structure, and reading processing as neasured 
by the ]3VS# The light-out position iraciediately prior to the word 
reflecting a change in the DS (e«g«, **gang'* versus "park") was 
chosen since it was thought that the difference in reader response 
as Bseasured by the 3VS would be greatest at the point where the 
S3 signalled the change in the DS, The light-out position three 
words prior to the critical word ms used to determine how the 
reader’s processing would differ at a point where the EVS would 
have picked up the 3S cue, but prior to the point at "^Thich his 
oral reading had taken him to the critical word*. 

Scoring S had to recall a word perfectly in order for it to be 
included in his SVS score for a sentence# Thus, if a singular 
noun were changed to the plural form, or if a verb tense were 
changed, S*s response was not counted# Also, no more than two 
words skipped could intervene between words actually recalled by 
G# This scoring procedure was used to nininize any distortion of 
the data resulting from the possibility that some S night skin to 
the end of a sentence without ’processing* the middle# Since 

V Levin and Turner, "Sentence Gv'*-icture end the 3ye-Voice Span", 
1666*, and Levin and Kaplan, "The Sye-Voice Span for Active 
€tnd Passive Sentences", 1S33. 
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these procedures recjuired perfect recall of itens in the SS and 
adherence to sequencing at the SS level, the scoring tended to 
favor surface structure over deep structure# For example, the 
ordering of structural elements would not necessarily be the same 
at the BS level as it is at the SS level} hence, scoring procedures 
which require S*s recall to generally follow word order at the SS 
level are biased against DS* iUso, requiring perfect recall of 
words, and consequently scoring as incorrect any changes in 
number (singular - plural) reflects a bias in favor of SS, for the 
•number transformation* takes place at a low level within the 
structural description, proximate to the SS level. It is not 
something which is of high priority in the sentence *s BS, since 
it is an obligatory oechesnical process. 

BESTJLTS 

There were sijiteen scores for each of the thirty ^s. The 
scores were averaged for each S so that there ms a aan 3VS score 
for tjps ^ sentences, and a caan EVS score for type 3 sentences. 

Ihe scores were further broken down for the two light-out 
positions. In all cases i*at was being conpared was S' s EVS 
score for two sentenoes, one of type A, and one of type B, both 
with exactly the sane surface structure, but with differing under- 
lying rtruoture. J.11 the lexical itens were identical except that 
in type A sentences the object of the preposition "by" was the - 
agent (underlying subject) , while in type 3 sentences the object 
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of the proposition ”by” xras a non-agent ive noun telling -^Tliere 
• • 

or Tdien # not by \7hoP t the action ”^7as perforned# 

"Then the light "vras turned out ixanediately prior to the 

critical TTord, the t 3 ean I5v5 score (30 Ss, 4 pairs of sentences 

apiece) for the agent-included (type k) sentences vras 5.81 ^7ords, 

trhile for the agent-deleted (type 3) sentences it tTas 5.21 Trords# 

The difference betx 7 een the oeansp 0.60 rrords, is significant at 

the .002 level (2-tailed test) and couspares closely vith the 

5/ 

results of a previous pilot study.—' 

V/hen the light-out position '^ras three trords prior io the 
critical trord, the oeen I3V3 scores (30 3s, 4 pairs of sentences 
apiece) trere in the sace direction as above (5.13 trords for 
agent-included sentences versus 4.94 trords for agent-deleted 
sentences), ks espected, the difference bettreen the cseans "^ras 
greater at the point trhere the S3 signalled tne uifference at 
the C3 level. 

DI3C3SSI0II 

The esperinent indicates that reader efficiency is related 
to the deep structure of a sentence. Since the sentences tested 
had the sane S3, but differing DS, the difference bettreen the 
means suppox*ts the hypothesis that the efficiency of language 
processing in reading is not solely dependent upon. oS, but is 
related to DS. The 3VS measure \ms found to be sensitive to 
differences at the DS level. 

^ The pilot study Tras run under essentially the same conditions 
irith 10 Cornell graduate students as ^s and ’/ith the sa^ or 
sioilar stimulus sentences (6 pairs of sentences apiece). 

The difference bet’jeen the means for type k and type B sentences 

;7as 0.65 trords. 
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In e 3 q)laining the difference betveen the efficiency with which 
these two sentence-types Trere processed| one night argue that the 
individual lexical items appearing in the agent-included sentences 
were easier to process than the corresponding itens in the agent- 
deleted sentences. This^ however, seens unlikely, since both sets 
of words are quite cosoon (See ^pendiz for a listing of these i/ords). 
The explanation that objects of the prepositional phrases ("by the 

») of the sentences with the greater SVS appear more frequently 

in that context, and that such phrases are hence a more * natural* 
part of the reader *s linguistic repertory than the non-agentive phrases 
seems similarly unlikely* The grounds for saying that the phrase 
"by the gang" is more ‘frequent* and consequently more easily pro- 
cessed than the phrase "by the park" must contend with the counter- 



argument that the frequency of occurrence of any particular phrase 
or sentence, i/hen conpared to the indefinite number of possible 
phrases or sentences, is negligible. 



* Naturalness * , however, does appear to be a factor in the 
my these two structural types are processed. VJhen the reader en- 
counters a passive construction, some surface structure manifestation 
of the AGiSNT category is *ezpected*. T/hen the reader recognizes the 
verb form as narking the sentence to be a ‘passive*, the AGSl^IT 
construction is somehow more ‘predictable* or ‘natural** There is 
a strong correlation between judgments of ‘naturalness* and size of 
EVS with respect to these agent-included versus agent-deleted sentence 



pairs. 



. 1 / 



In a related ezpericent, 76 Ss were presented with a list of 23 
sets of sentences, including 8 agent-included sentences ^ 

8 agent-deleted sentences. They were asked to "Decide which 
better or more natural to you." The agent-included type was 3 «dged 
more natural twice as often as its agent-deleted counterpart. 
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One migh't esqplain both findings (greater efficiency of 
processing and higher rating on naturalness) in terns of ’predict- 
ability of occurrence*. Hoxrever, the ’predictability of occurrence’ 
vould not refer to the frequency of particular lexical items or of 
particular combinations of lexical iteias. Rather ^ ’predictability 
of occurrence’ TTould refer to the co-occurrence of particular items 
as they are defined at the DS level. Thus, in terms of these tvo 
structural types, vhat the passive construction makes ’predictable’ 
is a surface structure realization of the DS AGEITT category. A 
noun phrase such as *'the gang” can be the IT immediately dominated 
by the S constituent when the verb "beat up” is given — that is, 

"the gang" and "beat up (+ 03J3CT)" can co-occur as 1^ and VP of S. 
This is not the case with "the park" when the verb "beat up (+ OBJECT) 
is given as the VF of S. 

Predictability would seem to apply to the occurrence of items 
as they are functionally defined at the DS level, within the context 
of the selectional restrictions, or constraints, specified by the 
SS realizations of the DS category slots. As the reader begins to 
pick up syntactic cues when he starts processing a sentence, what he 
has just encountered makes what is about to follow more predictable. 
(That is, if he has just ’read* the word "the”, he would, on the 
basis of his previous linguistic experience, expect it to be followed 
by a noun such as "man", rather than by a verb such as "went".) 

This predictability is a function of the syntactic constraints hold- 
ing between the lexical items in the sentence. For exairq)le, the 
syntactic cues tnat the reader could pick up as he begins processing 
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"His brothos* vas beaten up by the •••*’ might include the folloTrings 

1) '’was beaten up" signals the passive construction 

2) "his brother", since it is the UP preceding the verb 

in a passive construction* is the OBJECT of the verb 

3 ) some AGENT, as yet unspecified — i*e«, not yet realized 

in the surface structure "beat up his brother" 

4 ) the syntactic features determining the verb "beat up" 
restrict the class of NPs xrhich can co*^ccur as AGENT 
to those which have corresponding features 6«g«, 

. (+ AlTirATE) 

5 ) the presence of "by" here indicates that the NP func** 
tioning as AGENT is likely to follow* That is, the 
reader's previous experience with the preposition "by" 
occurring after the verb in a passive construction 
indicates that the AGENT is likely U be realized as 
the m of "by" 



Since all eight pairs of test sentences differed in the same 
respect (agent-inclusion versus agent-deletion), the experiment is 
tentatively interpreted to suggest that where categories specified 
in the DS are realized in the SS, reading processing is more efficient. 
That is, the reader is better able to process sentences in which 
there is a higher degree of 'syntactic congruence' or '‘syntactic 
constraints* between the DS and SS levels* Of the two sentences 
discussed previously, A — "His brother was beaten up by the gong" 

is more congruent to the DS 

AGENT + VERB + OBJECT 

since there is a closei correspondence between slots realized in 
the DS and in the SS levels: 
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AGEIIT + 


VERB + 


OBJECT 




A 


A 


A 




^ 




a 












Sentence B requires 


substantially 


the same DS descriptions 


AGENT + 


VERB + 


OBJECT 


(+ JlDVEaS) 


A 


A 








beat up 


his brother 


by the park 



except that the congruence hettreen the t'.yo levels is not as great as 
with A.f since the underlying subject (the agent) is not realized in 
the SS« This congruence can be spoken of in terns of the syntactic 
constraints at the two levels of structure# 

Thus I the syntactic features of the AGEITO category^ at the 
DS level, are realized at the SS level in ’’the gang*', which has the 
saoe syntactic features# Hence, the co*^ccurrence of these features 
at the two levels establishes the syntactic constraints or congnience 
between these two elements# This congruence can be partially ex- 
plainer by the fact that "gang" is laarked for the feature (+ ANniATS) , 
while "park" is marked for the feoture (- AIIBIATB)# Consequently, 

"park" ceuanot bo a realization of the AGEIIT category in this case# 

Ir. both sentenceo, the relation of VP to S (that is, of VERB + 

OBJECT to sentence) is the same as "beat up his brother" is to S# 
Also, the relation of NP (that is, of AGEJIT) to S, in sentence A, 
is the same as "the gang" to S# But this relation doesnH hold in 3# 
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This is so bocauoo ■tK© sya'tcK>'^»i© Ceaiiwr©© ©poci'ffled. by t»lie 

(lIP J s} are roallaed by "the gang" in A, but not by "the perk- 

in B. 

The esperiDent is also very tentatively interpreted to 
snggeat that efficiency in reading processing decreases with the 
oDonnt of structure that oust be realized in the D3 to accoooodate 
the S3. Sentence 3 above, like all the agent-deletion test 
sentences, requires another slot at the DS level in addition to 
those required by the agent-inclusion test sentences. The degree 
to which the amount of DS - SS congruence facilitates reading 
processing, or the entent to which eztra category slots at the DS 
level hinder reader efficiency cannot be d;termned from this 
experiment. However, this study shows that deep structure does 
affect processing of linguistic material by readers. Possible 
e:^lanations for this phenomenon, including the effects of 
additional structure at the DS level and the effects of DS — SS 
congruence, will be tested in subsequent experiments. 



LISTING AND E2PLAITATI0IT OF TEST SENTENCES. 
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